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SECRET 
OBJECT 

To ■lUHstrlc* «xd r«vl«w ««rUl cowt>«t atatistici amd controllai 
dron* firing t«*ti la order to datermln« th« «ffacClvaa*!* of «ull 
«nu iKI and Incendiary aaoualtloB at high altltudat. 

SUMMKT 

At th« r«;ue«t of th« Aircraft Gun Aanunltlon Blatt and Incan- 

dlary Srserlng Committee, a rcaaarch atudy was conducted on the Ig- 

nition of aircraft fuel hy KEI and incendiary aamunition at high 
altitvdea. 

The rb?  dron« tettt conducted at the U. S. Naval Aviation 
Ordnance Teat Station, Chincoteague. Va., denonstrated that ignl- 
tloa and auatained burning can be obtained at an altitude of 34,000 

feat vlth all round« tested.(caliber .50 M23, caliber .60 T36 and 

T39. and 20 ta MS6), except th« 20 an M97, vhen using 115/145 cctan« 
gasoline. This altitude represents the operating ceiling of tbn 

control and photographic aircraft. JP-1 fuel was the most resist- 
ant to ignlticn of sustained fires and JF-3 fuel tLe nost vulnerable 
to ignition and propagation of fire.  In addition, JP-3 fuel *p- 
p«ared to bum at a higher teaiperature than the cthar two test 

fuel«, as «vldencad by the greater destruction wrought by approxi- 
nately equal «mounts of fuel. 

The B-17 drone tests, conducted at the Air Force Arcanent 
Center, Eglin Air Jorce Base, Florida, detnonstrated that caliber 
.50 M23 laccndlaiy mraunltlon Is capable of Jcltlating and sus- 

taining a destructive fuel fire at altitudes up to 35,400 feet 

i under multiple-shot conditions. Likewise, it is evident that ex- 

ternal purging of the fuel cell areas Is not effective in prevent- 

ing sustained fires under the sane test conditions. 
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Traprza target t«tt« co«duct«d at Eglln Air Fore* Baa« have 
i\yovn  Chat Ignition of auatalned flras at high altitudes with la- 
cendlary asminltlou la heavily dapendebt on target condltloaa. 
Evaluation of aiuunltlon oust depend oa the target configuration. "•". 
However, under identical cond'Mnn« of alvulatad teats, it has "m 
been jbowa that amualtloa coataiclag tlrcoalun Incendiary mix- 
tures produced auatalaed fuel fires at ul^h«^ altitudes tbaa did 
aasamitloa coatainiag coaventioaal mixtures. 

A detailed study waa made of the alr-to-alr combat la Korea 
by the Institute for Air Weapons Reaearch, University of Chicago. £" 
The survey covered nany aspects of air warfare, auch as searching, '- 
pcsltloning, and flriag phases.  It Is seen fron this study Chat 
data obtained froa the Korean conflict confirmed results from [v 
World Vsr II statistics, pointlag to the vulnerability of aircraft 
to incendiary annuBttlon at high altitude, •,'-' 

In conbat film of one-hit attacks which resulted in MIG-1S ' 
kills, approxiaately one-half evidenced »one burning pheooneaa. 
Frcna these date aad froa coobat altitude firing data, it is cer- 
tain that fire pheaoneua «ere associated with kills at combat 
altitudes of over 30,030 feet. Two official awards have beea 
made for MIG kills, with sttendant fire phenowna, at altitudes »-*- 
(reported by the combat pilots) in excess of 40,000 feet. " 
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SECRET 
INTRODUCTION 

A recognition of tht gravity of the fuel-fir« problem la «If 

cr»lt,  t-ogether with « comldsrAtlon of th« d«jMglng potencl«! of 
•mall anas InccndlAry •uununitloa «t high altitudes, pronptad th« 

Aircraft Can.  Auuunltloa Blast and Incendiary Steering Cotnltt«« to 
rncoBiaend a« lavestlgatloa Into th« «ff«ctlv«a«ss of «»All arms la- 

caadlary aionualtlon at high altitudes. This ImvMtlgatloa contprisad 

an assesso^nt of pertinent aarlal taacs under actual and sloulatad 
conditions and an evaluation of incendiary amnunitIon under actual 

combat conditions. 

Assessoant was sukda of pertinent aerial teats conducted at 

the Air Pore« Anaaiaeat Center, Sglla Air Fore« Base, Florida, in- 

volving B-17 dron« aircraft and trapeze target firinga, «ad P6P 
drona firinga at the V. S.  Naval Aviation Ordnance Test Station, 
Chincoteague, Va. v,r 

A detailed atudy of th« air-to-air coasbat in Korea has been 

»ad« by th« Institut« for Air Weapons Research, University of 
Chicago.  This atudy itvolvad too analysis of combat gun caaera 
£11» records. Th*se films, together with other aerial "oabat data, 

provided a source of infomution fro« which valid inferences con- 

cerning the effect of raall arms incepdiary ainni.aition can be made. 

Other paraiseters in an analysis of the high altitude effective- 

ness of incendiary amsunltion are nacassaiily involved, nanely, 
laboratory firings (such as actual altitude, inert atnospher«, and 

stratosphere chamber tests) and the many theoretical considerations 

associated with the fuel-fire problem at high altitude. These and 

other aspects of the problem will be included in a comprehaasiv« 

report of the development of small arms incendiary anounltlon pre- 

pared under contract by Denver Research Institute, and soon to be 
issued by this arsenal. 
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TESTS   - mUL riKINC AT MOVING TARGETS 

Aulytla 

fIringi «g»t«»C aircraft ud ilaulatad «trcr«ft targnts at 
varioui altlcud«t u«d«r flight coiuiitloaj tuv« b«»» p«rforMd. 
Th«(« tcatt  l«volv«d th« ut« of Tdf drew» aircraft, B-17 dro»a 
•Ixcraft, ud trapax« targata a« tatt Mdia.    All flrlaga <la- 
•cflbad la thi» raport wara parforaad durlaf tha pariod 1948 to 
1955. 

Taitt at gaval Avtatloa Tait Statloa, Chtacotaagu» 

Th« purpota of F6F droa« aircraft tatta, coaductad froa 
Juaa 1949 to Karch 19e0, wai  to laveitlgata tha effect of flrUg 
c«llbar  ,50,  caliber  .60, and 20 BB lacendlary a«Nualtl<m at droa« 
aircraft being opfrated with three  type» of aviatlom funla at al- 
titude!  frea 30,000 to 40,000 faat.    Tbla  etudy lacludad tha t««t- 
In« of caliber .50 K23 Uceadlary (T4S).  20 «BB W7 H£I (T23), 20 wa 
K96 Uceadlary, cellbar  .60 T16 laccadlary, and caliber .60 T39 API 
astuaitloa la coobtaatlo« »ith each of tha followlog types of «via- 
tica fuel: 

Octane gaaollaia 115/145 (Spec AN-P-48) 
Jet fuel JP-1 (Spec >^-/-32) 
Jet fuel JP-3 (Sp*c A£n-58) 

Two baaic Mthods of teatlag wer« used, both eaployiag 
coatrollad droa« aircraft.    Air-to-air firing at a portion of th« 
viti paaal of the droae aircraft ccatnlnlag fuel calls waa first 
tried,   folloved by a fixed giia sy»C«« w'aeraia the firlig weapon 
wea counted  la the cockpit of th« droa« aircraft,  remotely con- 
trolled and directed at tha fuel cell located la the wlag paaal. 

The  gun and asauBition coopartsieats  la the  »'   -board «ad 
port vlag» of  the target droa» aircraft Tt?-5K were used  ,. • store 
tha   funls tested.    Th« first four firiags war« air-to-air aad wera 
coaductad fron above aad aster« at a raage of approxixatal/ 200 
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yardi. Thlt aarhod var abakdoaad la favor of BouaClag tha pra-anwd 

gua ia cha cockpic of tha droaa aiicrafc. Thlt latCar awtbod provad 

aora aatlafaccory. 

Thi targat condlfloa« ara daacrlbad balov. 

Alr-to-Atr yirlag. Approxlawtaly 25 galloaa of fual wara 

uiad, coatalad la oaa- aad flva-g»'loa caaa aad placad la cha »t*r» 

board «lag gua aad aanualtloa cccpartaanta. Tba dliCamca fro« tha 

trail lag adga of tha wli«'. (fuaclloa plata) to fual coataiaara aad 
tha typ« ot aatarlala utad for tha coataiaara vara aot atatad ia 

raport. Tha auxbar of projactllaa par flight varlad froa flva Co 
flftaaa rouada par burat (aultlpla ahots). Aa F6F-5 typ« aircraft, 
with two cal .bar .50 M2 «achlaa guaa parallal boraalghtad aad aouatad 

at tha outboard ttatlona, waa uatd at tha firing )>la»e. 

Fixed Cua rirlag. Flftaea aad oaa-tuIf galloat of fuel 
vara utad la a 15  1/2 galloa taak (coastructed of 18-gag« galvaalzad 
wtaal <h««t) placad la tha port wing gua compartMat. Tha flrlag 

vaj.poa vat Mounted ^. the cockpit of tne drone aircraft and actuated 

by renot« coatrol. Tha auinbar of projectllat per flight varied froa 

three to tix rouadt per burat (oultiplc thott). 

A ojltiple-ahot technique waa used In all of that« 
teitt and, la view of thlt. It wat not possible to detcnalne which 

ahot caused Igaltloa (If It occurred) and what would happen if oaly 

a tingle thot were fired. The rcsultt of the t^ate do indicate that 
flrat ran ba isldated by Incendiary anuinitlon at altitudet of 
29,400 to 34,000 feet at Indicated air tpeedt of 110 to 150 kaott, 

aad oace Initiated, they can ba tuatalnad to a damaging degree. 
Tha data xeported are pretested ia Table T. 

A review of the data thow» that high alcituda Igni- 
tion aad sustained burring can ba obtained with all roun^t tatted, 

except the }Q7,  whan uslag 115/145 octane E»»oliae. JP-1 fuM wa» 
the -noat retiitant to ignition of sustained flrei. The retcltt ob- 

talaad with J7-J fuel «how that it will Ignite and that tuatalaed 
burning can be obtained with all rouada tatted except the 20 an K97. 

m. 
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In «ddltlon,  Lhla iual «pp<u.red Lo burn «t « higher t*aper»cur«  tham 
tha other tvo cent fuelt,  •« «vld«»ced by rha greater d««tructlom 
vrrou^hc by appro»lia*t«ly «n «qual aoouat. 

Th« BJixlwuu true altltud« at which poaitlv« raaulta 
war« obcalnad waa 34,000 faat, thla being tha approximate operating 
cailias of tha control photographic aircraft. 

Teeti at Egltn Air Forca ^ata 

B-n DrcAw firing T««t^.    T^a purpoia ct: tb«ia  tagt a,  con- 
ducted in April axd Hay 1950, waa to dttemln«: whether  atauiard aaall 
area incendiary aiKajnltlon wa« capable of  initiating a auatained fual 
fira under flight ccnditlona at itltltudaa  in execaa of 35,000 feat 
la both purged and unperged wing cavitiea. 

The aircraft teeted wat a B-17 drone (Jigure 1) 
equipped vlrh remote control  device»,   three caliber   .30 H2 gun« with 
automatic charger«,  two taleviaic-n caaeraa, and an exhauit *»» purg- 
ing ayaten.    Tokyo fjal call« in tha wing of th« aircraft ware par- 
tially filled to one-tenth their capacity with 100/130 octan« gaao- 
line (Spec >N-F 40)  and were p.rged internally and ex'.craally with  * 
o.ch*u«t gaia«. 

A r»-ltIple-«hot technique wa» and in these teat«. 
Tha  fir«t teat waa not valid aince  tha  round«  fur.-tioned on  the  «par 
cap; tha  teat wse therefore not cnafl^iad. 

In the  aecond teat,  two round«  of caliber   .50 K23 
amaunitlon were fired into the  left outboard Tokyo  frei  ce"« (aa 
ahown  in Figure  1)  90  «econd« apart  at  a pre««ura altitude      cf 
35,-400 f««t.    T^eae cella were purged.     £?th rounda were  »een to 

*Tnje altitude  i«   the height  above mean  aaa level. 
JL_JL 

Preaeure altitude ia Ihn  height above the atandard datus plena, a 
theoretical plane where atnropveric pre»«ure 1» 29.92 inebfta of mer- 
cury cad the te%perature ia +15* C. 
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yitur» 1.    B-17 drmu «Ircrftft 
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*u*ctlo», hut ao f<r« or rsoka ««■ obsarvtd by tM tclsrlalom ccatrca 
«ad crelllng fl^htei aircrnft.    Thita aiantva aftar tit aacosd roumd 
waa fired, a third round waa firad lato th« left inHo^itd Tokyo faal 
call«, vhich »era axtaraally purgad.    Tba round fuactloaad aud faal 
vaa araa to apray fron tha 4 la. z 6 la. projactila ««»try hola. • 
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Thirty »«co^dt latar • fourth round w«t flrad Into the »msa»  c«Ui. 
Thl» rouad alto tunctloaed, but agala mo flra or tiaoka waa •een. Ap- 

proximately five nlaucaa after the fourth round wa» fired, the left 

wing broke upward and tore away. Aa the wing tore away, the remain- 

ing and of the wing waa enveloped la auoke and fire. The aircraft 

dropped Into a tight vertical apln, fell about 5000 feet, and waa 

completely dlslntograted by a violent exploalon. The teleplioto 

camara 1« the B-29 photographic aircraft was operative for the le.tt 
flve-alnute period end exmaln^tlon of the flla revealed the prea- 

ence of fire in the vlng prior to brcnluip. 

A review of the B-17 drone firing teate under multi- 
ple -ahot condltlona »howa that 

1. It la poatlble to Ignite and austala a deatructlve 
fuel fire with caliber .50 M23 incendiary n-nsvaltloe at an eltltuda 
of 34,500 feet. 

2. Kxtemal purging of fuel cell areae la »ot effec- 
tlr* la preventing auetained flrea. 

.^. 

Trapeze Target Firing Teate. Theae teata were conducted 
at Eglln Ai- Force Kaae frcrn 1951 to 1955. 

1. Calller .50 M23 Hultlple-ahot Firing Teata - Thr» 
purpoae of thee« tenta waa to evaluate the effectlveneaa of caliber 

.50 M23 incendiary iiMounltlon under flight condition». This «saaunl- 

tion vaa fired into both purged and unpurged taaka coatclning Jet 
fuel. The target used (Figure 2) conalated of a 165-gallon F-BO 

type wi»i> tip fuel tank, Modified to almulate atmctural character- 

latica found In aircraft. A AO-gallon, B-25 auxiliary aelf-aealing 

fuel cell with a 0.072 inch thick covering of dural wa» located 
within the taek. A backing board of fiberglaa waa interpoaed be- 

tween the fuel cell and the dural. The noae of the tank (0.064 
inch dural) aerved aa the functioning plate for the azsxnitlcn. 

St»»d-t>ff dlaCflBcea fro« tunction plate to fuel varied between 20 

and 23 incbe«. The resulta of thesa test», which are reported in 

Table II, Indicate th^t flach flrea can b» obtained tn vapor-fllled 

ccapartnenta by inceadlary waeainlclon at altltuJea up to 13,000 

feet. In «11 known casea, recording to Eglln Air Force Ba»e data. 
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Nag. #30462 
R-1392 

Figur« 2.    SclMMtlc dlAgraa of tr«p««« t«rg«t 

wh«B a roumd **ter«d the vrpor *r«t «bova th« fuel l«v«l aad whca 
th«ra vac BO prcvloua fuel laaka^a, tlxra ¥at BO «vldaaca of a flaah 
flra.    Howarar, vhara a roiiAd had cautad fual leakaga, tha follovla* 
rouad gava avidaaca of cauiiag flaih flr«i at racordad by «a tacraaaa 
la tha cavity tanparacura.    Tha oa« auiCalaed flra at 13,000 f«at ra- 
tultad fro« a laakaga of fual la flrlag a pravloua rouad. 

m 
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OS 
.'- U"- •.." 
.'•\> 
SV- -a.' ■ 

2.    20 mm Firing Taata - Th« purpora of thcaa tatta va« 
to avaluata tha affactlvaasn of 20 na »07 BEI and 20 m K96 la- 
caadlary aivualtlon u»dar flight coadltloaa.    Tha targat usad 
(Flgura 2) waa th« »MM aa that d«gcrib«d for callbar .50 M23 an- 
nualtloa 1» iultlpla-ahot firing testi.    Tha 22* altltuda ehcva In 
Flgura 2 vaa changed to 6* to lacura ««Bunltloa Intact balow fual 
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level. Tb« reiulta «r« reported la T«M« II, «xaaiMtlo» of which 

them»  th«t ■uftalnt«! flrea c«m b« obtaiaud up to 24,980 feat vlth 4 
• Icgle rcuad cf 20 wi H96 i»ca«dlarjr «■uaiclo«. Good Incemdiary 

fuacclomlk^ of C'oa »96 aumuaitlou vaa aotad both at aatry aad axit 

lioloi. Sia«la-ihot auatilaad firaa «at« oitaiaad «t altltuda« of 

15,000, 15,030. aad 2A,S80 faat. 

Trca th« llaltad f irla«« Mda with tha 20 HI H97 BEI 
aoKoualtloa, it wat «vidaat that th« M505 fuza WJM too quick la actloa 
and Chat the fuactioalag dlataac« of 20 to 28 lachet (the diataaca 

bctueea tha polet of ««try lato the target aad tha fuel call wall) 

defeated the ability of tha rouad to cauae flrca uader tha coadl- 
tlona of th« teat. 

3. Caliber .50 M23 Slagla-ahot FixUg Teata - Thla la- 
veatlgatloa of aircraft fuel flrea vaa coaducted to detanRlae the 

naxiaua altitude uader flight coadltloaa at vblch flrea could be 
Initiated by firing alngla-abot aervica, caliber .50. H23 iacea- 

diary asmaltloa lato a target aiailatiag th« coaatructloa of a 
wing fuel cell. Th« target (Pigurea 3 aad 4) vaa alallar to that 

preaented to a boaber tall dafeaa« abot agaiaat aa oppoalag fighter 

ettackiag frcna tha aix o'clock poaitioa. Th« target waa auapeadad 

below th« rear boab bay of a B-29 aircraft. 

Prior to flight teata at altitude, grooad firiaga 
were coaducted agaiaat the target la order to obtala naxijaua fuac- 

ttoniag effectiveaeaa of the asnualtioa. Varloua adjuataeata la 
.'unctlja plate, thickasaa, and aaglea ««.'a required prior to final 
target deaiga. 

Pifteea aerial firing aifaien« w^re flova. during 
which the target austnlaed good nice at preaaure altitude: veryiag 

from 9500 to 25.200 feet, aad at indicated air apeeda. The reiulta 
of theie aiagle-ahot firlug miasloaa are preaaated la Table III. 

Theae teat.a thow that auttalned flrea were obtained 
up to aa altitude of 20,«.00 feet, aad above that altltuda flaah flrea 

were obtained up to 25,200 feet. Daaage by fire vas greater at the 
10,000-foot level thaa at higher altitude». Filia aaaeaanent diacloaed 

a definite relatloaahlp betwsea the iateajlty of the fire, length of 

flamea trailing tbe target, aad tha altitude at vblch the aircraft 
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r*tl* III.   Atrlil flruj Hü, Ijtt« Air r«rt* Itt* 
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was flown. Inspection of tb« t«'.gft after each tnlailon revealed ap- 
proximately the aaiAe rivet failure* which permitted air of unknown 
velocltiea to circulate within the target after projectile iapact. 

Subsequently, Chia type target waa atrengtbened to 

ellnirate rivet fallurea and other structural weakneitea. The fol- 

lowing typva of MBunitio* were then fired aingle-ahot againat Che 

target: 

1. Oallber .50 N23 Incendiary (aCamdard). 

2. Caliber .30 H23 Incendiary containing 10 grains 
(nose mix) IM-163 and 9A graina (body nix) IM-162. 

(Both of these mixes contain zirconium.) 
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3. Callb«r  .50 M8 A*I (ttMiUra). 

4. C«liJ>«r .50 M20 AFIT coataiaiag Dl-163. 

5. 20 M K9711 lü!I wich K505 fits«. 

A total of 37 aiagla-thot aarlal firlag mlaaloms at 
dtailty altltndaa* fron 10,900 to 27,700 faac waa flow» and tU ra- 

tulta ara rocordad la Tabla IV. Thay ia^lcata Chat auataLaad flraa, 
wich tha cyp« of CarB.l auployad, caaaot b« produced (a) with caliber 

.50 K23 lac«-dlar]r aervica aaoualtioa coatalalag atasdard mix (Dl-28) 
at dantity aiiituda« above 22,600 faat, (b) with caliber .30 M23 U- 

cca.Uary acKxtaidoa co^tiluiag ilrcoutu« «ixturea at dentICy altltudea 
above 25,400 feet, or (c) with 20 caa K9;Al avauaitloa with tha M505 

fuze at density altitude« above 15,000 feet. Ho auataUed firea could 

be iRltlated with caliber .50 M20 A?IT anvaltloa coutaiaiag a tlr- 

coaiuB cilxture at deaaity altitude« of 17,700, 20,600, aad 22,600 

feet, or with caliber .50 M8 API aervic« taaualtion at deaaity altl- 
tudea of 21,300 or 23,400 feat. 

Firing projectile« lato the laadlag edge of Che target 
did «ot provide aa optimum conditloa for laltlatlNg aad »ustalatag a 

fuel fire. Due to target «tructural daaage, the voluvse aad velocity 

of air flow through the «tructure inaediatcly following the projec- 
tile burst created a ram-air flame blowout effect «o Chat aone fire« 
that Blight have been auctalaed were quickly cxtiaguiahed. Thl« con- 

ditlo« wa« acre prevalent with the 20 «a aoaainltloa, due probably to 
the larger eatry bole. 

4. Te«t of Special Havy Rod Asnunition at High Altitude« - 
Thl« teat wa« coaducced to deteraia« the effectlveaeaa of «peclal Navy 
«od projectile» ia ialtlatiag fuel fire« at high altitude«. The«a 
red« wer« dc:igaed for guided Bii«ai1e war head u«e «Ad were aiade of 

oae piece of »leal with an approxiiiace weight of 97 grain«. The tar- 

get uted (rigurea 3 aad 4) wa» the »aae ac that deacribed In the 

previou« te«t except that the fue1 cell wa« filled with apptoxiiaately 
35 galloza of JP-4 fuel. 

^...:m.. 

*DeaiiCy altitude i« the preasure altitude corrected for temperature 
variatioa at flight level. 

13 

SECRET 

. L > L     ..v 
■ •^:'L,--,-t"-1 

LjtaJ «.'l «. T | 
1   •-'-'-' ■■"-■' 

■^--l.-, ^^ ..■ 1 -■ ; ^...^i -;..^.,. 



Of. -\ «> I • . 

A 

SIXRET 

Tttl« I» »mi »irt»i ,»•». • (iim »ir uru 

JitllltH air 
MMU« •nit»« I'M llr tint Ta«» 

-Ax- ItxtllX Tr,. Mra 

CalltK .)0 »O I aaaaalarj larataa 

11,000 10,000 m «atl «.0 •a fair til 

10,?« 10, IM H aalt o.J lllttttM 

11,10c II,IW lU 1,0 • 
11,000 10,000 IM M •a lair til 

II,»00 ie,ooo 16) 7.0 •aalalaal 

»1,000 •»,«• 1(1 .iM • 
2),4)0 »*,7oo l)i •i).} II«»» 

H.«00 'MM Hi -M.O • 
It,100 M.ooo • W -D.O • 
15,«oe ».»o lil •»).« » 
11,«00 fO,K« it) -15.» »vm'.a* 
11,700 li.5>o IM -IM ru»» 
»5,i>« 11,100 IM -II.» ■ 

it,(00 lO.fOO 1J« • 10.0 MtftfnH 

Ttaf »f «»ft Urn, »^\ 

JXL    stau     JRü: 

aa «alt 

M lata ■ 
H «ata • 

it «ata . 

•a «alt • 

..... at tala . . . . - 

-II 11.90 II,M 
-I» M «ata        ll.ii 
 M «at • 

0 IM7 l>.^ 
•I'        M «ata        II.M 
« 1 MO        15.H 
0 15.11 M.ll 

11,100 (,)«o 157 10.* • m «alt      11.00        11.11 

Oalltar .ft M) iKtaMUnr a/lr «a   . 

iS« ilrtrafl «1« tat Mlattla all •15.0 ItllalM« m   m   m   m • m «ttt - . . . . 
17 17,70C 15,000 l)i •11,0 M lair ill -« 10.IT 10^) 

II •*.JM •*,9>« 1« •11.0 rut« •   •  •   • • It «all - . . . . 
'» n.joo 15,100 15» •10,0 • m m • m - at lata • ■ • • • 

M 15.«oo r,o«o m -».• •aalallM .... - 9t «ttt • . - . . 
II It,000 15,55« id •4.0 llaal •  •  • » - M «all - 

H 

•) 
1« 

l),«00 

U.JOO 

t5,«J« 

tt.m 
«5,100 

11,730 

1(1 
lit 
15« 

4.1 
•5.« 

0.0 

larlalM« 

fit«! 
t 

> 11.4« II. i« 

1 I4.JI •4.1» 
»J 1«,^"0 11,(0« m • 17.» ■ • • • - • M lata • - . . . 
it 15,100 n,M« ib -1.0 • • la «alt • ■ - • - 

»7 14,00« 11,k» lil -5.0 • •• «tit 11.40 II.}« 

•ailltr .5« «to tan «Ar «ta 

II t.'.fco l«,M Hi •10,0 flaal M  «tit II.« It.» 
1 10, iM II,too lit -4.« ■ •t  «III 15.0} Da» 
)• •7,70C l(,i«0 1(1 -4.0 • M «alt IMO l%H 

Jl 

5« 

• 5,*« 

•1,500 

M.JOO 

II, N« 

Ct1liar 

l<7 
15} 

.54» «11 iaratN 

1.0 • • - - - ■ M «all •   

11 m itfil »/»jaj ft N 

)J I«,I00 M.IJ« IJ5 •17.« ritt* • ti II.)} f.M 
V 10,00« I7,l«0 It« M • M «all l).l« l).}0 
» 11,00« 15,90« lit ).o ■ > 15.50 ij.)« 
a 15,000 I5,0M li) 7.0 IllttUt« 10 14.00 17.}» 
n i»,»o« O.ooo 17« 4.1 rut» m «HI II.M l«.J« 

'%/- H^   - 

"»"   " K-   pM* ,    * 

:JI 
fc%* '-\V 

•   *J* . " ■. 

'■    ■.H . - . 
■". .> .-. 

MtM    Ul I I » tO-55 MH II •Itt.'aa» Hi,   li tt 17,  laal, Ut '" }C-II71 ta UllUM (at. li It 17, Ufl 

•j.nalli  altltaaa a', tin al tlflM,  ti.lO« II 
**T<rirt jam»««   ..tir <lrla| Maiatt aaatttln altnliii tl larfal aM traiaia trttlt« 1 kaitr«. 
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Nlm 

talud good hit» at 

feet. Oüly OR« «U* 

Cemlaed until tU« 

to 9000 f«et. whc« 

•ulc« «how Chat Chi 

lag lutcalaed flrei 

tioKi of th« teat. 

■lHgl«-ihot firlag uiaaloa» war« flovm aad th« 
recorded 1« Table V, «how that th« target au*- 

dsaaity «Itltudea vtrylng fro« 10,000 to 30,200 

(.alned fire va« obtaiaed and thli waa not da- 

aircraft had deacaadad fro« aa altitude of 15,000 

a wall davaloped fir« baca»« vlaibla. Tuaa« ra- 

a apaclal projuctila waa not reliable la initiac- 

at the aforemeatloBed altitudaa under the condl- 

Tilil« V,    AirUI kltdon Data or. Jpt;Ut ktvjr «o« »••unttl»« 

HntHy Air IndUit»! Urgfttrlc 
tatiis* Altitun* T..p Air Sp>« Priiiwr« 

a«. ..("1 I'C) _i-j!i_ (In, Ng) Tlrp* f r$ 

15,000 1.0 17* II« <«t» 

28,600 -21.0 156 N« «t« 
30,000 »25.0 155 9.61 
25,000 "i6,ö 15* 10,08 
JO,000 -23.0 156 9.io 
)0,C0O -2«.0 153 9.15 
JO.^OO -27.5 156 8,90 
15,000 2.0 |60 17. .^ 
10,000 6.0 Ifc 20.15 

8«ttal»*4, kilt iU not KeeM 
vltltii tutll »lovt 90Ol>.ft 

»rtnurt ilt!ta<« »a <»>c«nt of 

aircraft t» fid« 
riaah »f 1.2 a«c 4iritl«n 
Flaah of 1.2 *tc ««ration 

Flaaft of 1.2 a»e luratleii 
riaah of 1.2 ate «iirotloii 

Flaal of 1.2 a»c «jratlon 
Flaoh «•' 1.2 «*c duration 

ifttikitlc of 28.0 «at luratlon 
Spaa*o<tc of 6.0 «*c «»ration 

r^—^rr 

k". 

Stuaury 

Th« B-17 «ad P67 drone firing teata ahow clearly the poaaibillty 
of auatalnad flrea at 34,500 feut, whereaa retulta fro« later trapez« 
targat firln? teata ahow the «baeaco of auattiaed fire above 2A,y80 

feet irlth identical typea of aimunitioa. It can be Inferred that 

thia diffarenra ia a function of target configuration and air apaad 

-.- 
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r«th«r th«« ««.»mltlcm typ« or coapoiitlo* of th« LucumdUrj »Ixtur*. 
Howavtr,  give«  id«atic«l  coadltlo««,   it h*» b««* tUnm th*t «anu«l- 
tic» co«t«tml»g rlrcoalua liic«ndl*ry mlxtur«f produced ■u«t«lk«>l 
fuel fir«» »t «litthtly hlghor «Itltud«« tU« «wwmUloK coataUlm« 
co»v**tlc««l   l»c»mdl«ry slxture«. 

A» addltio«»! ••Tlai of tatto will b« conducted at KglU Air 

Fore« Ea«a. Tha taita will be satis with a »aw typa targat (flgura 5) 

<uip«a4ad balov tha wi»g of tha B-50 aircraft (Flgui« 6) JO that tha 
va'.iit g-^a caa ba uiad to flra at tha trailtag «dgc of tha targat. 

.■- A\"- .■ 

,■^■■. 
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R-1392 

•tMULIKt   KM 

•NOT   Lit«   MT »»», 
ruttCTKm K«T|   T# 

Figur« 3.  Ju«! o«ll tar(«t to b« ui*d at tflln Air fore« Baa« 

H«ur. 6.  M.thod of suspending fuel c.ll target below b-50 .Iroraft 
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AERIAL COMBAT FIRINC RECORDS 

Aulytla 

This lectio« dealt Mlnlv with «a analytlt of co*b«t flrixg 

record* obtaiaed from the Kor«»« conflict. Some <Ut« ere avell- 

eble fro« World Were I ead II but thic aeterlel doee aot releta 

too veil to preeeat eircreft. 

Recorde of eerlel covbet la Europe duriag World Wer II cox* 

talaed data oa the effactlveneaa of the varloua callbrr .50 lacea- 

diary «ad API aaoualtlcuv at relatively high altitude*. 

Souse of the data, a* outlined la Office, Chief of Ordnaaca 

report entitled "Record of Array Ordaaace Retearch aad Developneat," 

are preaeated la Table VI, aad aa analyals of these data ahova that 

all of the reported cosbat took place at altitude« over 15,000 feet 
aad the evldeace clearly ahova fire killa at altitude« of 30,000 

feet.  It luuat be kept la mind that (a) the aircraft «peed« duriag 

thl« period were la the range of 200 to 300 mile« per hour, (b) air« 

craft were ualag high-octane gasoline (alsilar to JP-3), (c) air 

frane coaatructloa waa uaually such lea« «turdy thaa that of pre«- 

ent aircraft, aad (d) the aunber of atrlkaa (rounds ttapactlag oa 
the target) wa« uadoubtedly higher thaa la preaeat coaabat. 

Data obtalaed from the Korc&a coafllcc coacemlag the vulaer- 

ability of aircraft to iacendiary aauualtloa at high altitude» coa- 
f imed reeult« fron World War 1.. 

A detailed atudy waa aade of ehe air-to-air war la Korea by 

the Institute for Air Weapon« Research, Univeraity rf Chicago. Be- 

cause of the laporcaace of «uch data to the laatltute, the Cotnbat 

Analy«!« Croup WAS oiganlxed withla it for the study of the Korean 
aerial coobat films. 

Os 17 Jaawry 1957, Air Korea Regulatloaa 95-13 set forth the 
purpose and func 'o* ■   ih<i  group by «tatlng that "the Combat 
Analyals Group   .1 ~ «Ide scientific aaaesenent of all armament 

recording photo^aphy. Data resulting from these studies will be 
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utlilr.ed la  fuCur« oparatloa«! pUaaLag ud tb« •«CttbllalaMaC of 
Creadi  !• Air force ref«arch «ad daralopacaC la th« flalda of v««poa 
•fftctlvaaets aad aircraft vulaarablllty " 

Tiki« Yl.   Mlllt* of 20 Ccrtit Hut*)« f*«!«;!*« U« TI& («) Afl Ivlltt 
«•ring Hrl< lir II 

(T«ki«  fro« "»«cor« «f 4r«)r onmnt« ttlttrck «nl Hitlt^itflt*) 

}»t. »». *1 
tf ttooii» Ring« Altituft 

A fit* Hr»i Ir'l ("1. 

J«et4J j60 2}0-l50 16,000 I -«««f «Irenft «««tror«« 

ttrik«« ««'» «««lljr «««n «n «««ajr ilrenft «>« flictt («r« «•*• t» fill «ff (»ll«t ki- 
ll«»»« «mor-rUrclng «»«lltjr •fr«ctt«<]* 

«Oct 4J 665 150-200 19,000^5,000        2 «C 109« <««tr««*4 wl I Umf4 

VMWiltl** Mrjr (ff«ctl««; k«tk •«••> «Irtnft l«itr*;«« eitgkt fir«; «trlkt« •••ll; »•♦• 

B Oct 45 I65 150-200 24,000-25,000 I wj tlrertft, rrtkikl« 

It« (*•«  ttrlkn finir« «f uckyit; tlM ••« laoki in« fUc«« fill  frta tmtmj ilrenft; 

iMtinitlon «n«kli« pll«t t« ««« Mr« «trlk«« 

t OCt 45 Ml 150-200 24,003-25,004 i ■{ IC9 «««tr»;«« 

»••unltlo« «•^irtsr; fllot ti« «aok« tr« fl«<«i  fill «ff ah«* «M«7 tlrertft Ml kit; 
«trlk«« «««lljr •««* 

S Oct 45 150 1000-1500 18,000 k«M 

lo «trlk«« »k««rv»4; m ecaMtU 

4 Oct 45 1455 500 «r l««i       20,000.2?,000 5 M  MOi <««tr«]r«< 

Ip/irtrtly tk« «nt^nltlo* «1« thi «it« tnovni »f «•••{« 11 r>g«l«r «■■•nltl«*, k«t It u<« 

■ or« of tk« itrlkti  »lilkl« tkm «en ngalir ■■wjnltltt 

ttittttrt« r«pr««»Bt pllct'l  rfwrk«. 
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Tilt* «T.   »••»I«« »f ?o ct««tt iiiiui« t*fUfi«i tu Ti6 (tie) «n l«il«t 
<«ri*| t»r)i nr n (teiit'O 

O.f. M. if 
0' (•«r«! tut» Altltil« 

Kill'.«! f'.nt iUL l«l 

ttrj inetmitrj ttrltai itn «katrvtl t» Met rl«t tf *•* *t,   ly re^jf ••• t»» tU»« 
• Hi« tktu 111« i<r« •»»•r<«4 to« •« kit« air« •••■ •• t   - ft.tu««.   I  clllrw« tklt »inrttt 

<titfi«.   T>< IIC«M f**r «trcnft I cI*l»H tf'rc^tt,    I •••  ftylr.j iiti Mttr« »tr»l|»t 
>rl l««il tot tsok ■ l-^«:«>< l«.-it »f lilt.   l.M« Mngr Uctkdlnry hit« canrlig tk« f«««l«|* 

fr»i »f-jSn t« tf.l.   Tkt «l-crt't !»*4titt!) CNfM  fin «it« .   -»» iMIrliij.    I >«1f«< if 

»"<  il I  fttttt t1*r fli« tru^r  ll.'crift,  It  «It )«(•<,   CaillR) ■)   •».,' t« fOCl.    I MtiUI 
«ait« t'l «art >Kt« rlilrg «« «tck ill» tf M tt « rmlt »1 thi «i^loil««.   Tkl« 1* •«!• 
'•rtl;  »»ry «ffntl»t •«•uiltlji tui J rfMBMM tt **rj kl|kl;. 

iSli^O M        Virjr |r««t        25,000-24,000        R«n« 

M  («■Mfft 

lOOC, 4) 5)0        Ikert 25,000 MM 

H   (»MN«t 

10 üct 4) 770 ttz-jt 16,000 I r» 190 <Mtre;t< 

At all  klti «ft Tltlk!« ill it »K»trt tkit ttt tacinilirjr iffict  li Kn vUittit •"« «»itno- 
tl»t in tkit It »»«ftratta ♦» tk« «on valfti,-*kli nctloii «f tk« »ittf tlrcnft la tk« la» 
ttrltr, tft iMboltli« li ate» «M^irlir t« frutrt iMunltltfl la tk«! It haa ^etk «««ctmctlM 

ma lacntlir; ehanctartltic«.   ««««lit tMt thli anNnltlt" t« glvtn tha klgkaat frUrlt; 
ntlag la a tarlaii «tt»»pt to «ktitn It  fir ill  Mgktir «trcraft. 

10 Oct 45 71 150-200 24,000 I «uaga« 

|trik«a IIM; a« tlaa t» ««f« »fr«ct 

I0ect4) 521 J50 l/,000 I kt   110,   prok.H« 

TMl »t^-Mtlo« 1« ai g«o« «a er«!»!,-; Af la« I  «MvaltUn; »out»   Ilk« to  1« all  gim«  I««««« 
alt« tkl« «Mkalttta 

25 Cct 45 ICK» 550 «r I««« 18,000 I n  I9C 4««trs)r«« 

Mai«   Ilk« tM« wnR!ti«a In tf! g^i.    All  kit« lie« itrlkli «n« la tkl«  can a* «ack kertt 
loattMng  San«  off ■ «ntajr  aircraft. 
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?•»•! VI.    Rugltl Of 20 to«Ht klidenl ftploylng t»* Tl6 (M) A/I lllltt 

<vrl*| ■orl« nr II (C»nt'<) 

F-r„~ 

t»u •». «f 
•f l«»«ll 

«silo« Mr»4 

22 Ort *J        222 

fttftg« 

100.75 

Altltu«* 

1") 

29.000 I H   109 4«>trt,t4 

I MI .trfk»! rt th» «lug root, OM «Mil fl.m. « ao«»«« I.tor I n» 'it «»It» ••ok« fro« 
m rroittM >.r«ti.|. Blue« tMt n* t»o «rot tn.«r »ircroft I U« fir.« if. I c»«n«t tty 

• li*lk.r tkU »■wnltlon U tny ».ttK tUn «r not M goo« M othir IMMitt«*. 

23 Ort *J J29 500. J00 15,000 I  tntof tlrcnft ««ttro;t« 

dt»* M*gr iNot «trpltni <o*n btfori, k«t connot coa^Utfl ef rtiulti 1« tk!i ctti.    rial)* 
lit »1 olt» fliokn fro« itrtkti ON »ttcoo COM off (»It« too«. 

2? I»» 4> Ul 30,000 2 W  109« U*tnyt4 

fit, ilrtrtM ..r« »It ox rl,ht •!«• of fus.Ug« ro.r th. to».    I Urg.r fU.k of ItfMiyy 
tu wti« tl»* ■•••I.   mt« tort okitrir«« tlon« th« fuidtg« fron front t» r««r.   idl ««tl» 
fit« «It» t»« UX «mvnltlon 

27 »«»O       253 «00-250 25,000 

»on«.    M »kt«r«<tloni •««« 

27 i»r «3       570 400.250 22,000 

Ion«, »*n«li>f flla «•«•««■»«rt 

I MC  109 «««tro;«« 

Op««*« fir« fn« 15* «tfttctlon to tut (tt«rn on t»i I««« l«ttl «ItÜ f»« tirg«t. KtlcW 
ttnj lrc«««l»(7 flli^»^ eovirlrg t^« «ircrtft. A« I »nk« •»•/, • Itrji "lr« »rok« out •« 
t»« l«fl »1»{ rsot.   T r»co»w»«« tM« Iff »«wnltlon vjr; »Ij»!;, 

27 »»MS       739 900-^00 31,000^3,000 I « log «««tro;«« 

TM« «MvnltUi «to«! up  «trlkei « gr«.t «««I  k«tt«r in« «t «ic«»«!«« rt*ftt;  th« «fftct of 
th!« MWnlttM «t  (ic«itlir« ring« «n« dtk f«« gun«  firing ««a »try goo«. 
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fro» «mtlytlt of th«s« fllss fro« gu« caiMrci of flfhtar typ« 
alrcrafc,  th« lagtitut« for Air V««po«t K«a«itrch «a« «bl« to ebtala 
r*ag* «ad «aguiar pcsitloa informatloa,  •• wall aa baak uglaa »md 
ata polat wsadar aad, of couraa, avldasc« of flra pb«m<MMU.    Tha 
fH» kaa It» Ili>ltacioaa, hovavar.    Du« to «arlal coisbai «amaurar- 
ablllcy aad tha »atura of tha cnaara laatallaLloa, hit» could ba 
acorad en tha targat aad kllla obtalaad «Ulla tha targat KIC waa <>ui- 
alda tba ftald of via« of tha caMra.    Structural  daaMga «r asnka, 
or avaa fla»at    Bight occur aftar tha caaara caaaad Co «parata.    Ttata 
iBpllaa tluit tha fll« racorda alona ca» sever ba •atad to atata cata- 
gorlcally that a kill fid mat occur. 

For »tuülaa la auch flalda aa valaarablllty, flra co»trol, aad 
tactic«, tha altltada of tha aagag«»»«c la ij^por':aaC.    Thla caaaot 
uaaally ba obtalaad froa f11B.    Addltloaal rarorda ara rsqulalta, 
auch aa tha pllct'a SupplaMRtaty Cosfcat laforaatloa Rapoit (SCOL). 
t'afortuantaly,  thaaa raporta vara act iubulttad aa fra^uamtly at 
tha lantlcuta for All Haapoaa Raaaarch daalrad.    Tha faatltuta haa 
raporta for oaly about 63 per ceat of tks aortlaa batwaaa March 1S53 
aad tba aad of tha war.    Bowarar, tha arallahla SCDLa,  la coajuac- 
tloa «1th coabat fll« racoria aatabllah a aourca of rafaraaca, aad 
valid lafaraacaa rolatlva to coabat altltnd« aay ba &»da wlthia 
llaltatioas. 

Tba operatloaa la loraa, aaalyaad by tba laatltuta of A.lr 
Waapn»? Kaaaarcb durlag tha parlod Juaa 1952 to July 1953, covarad 
a total of 46,000 aortlaa aad tha axpaadltura of thraa nlllloa 
rouada of aautll area aaaualtloa.    Tha atudy coyarad tba aarlal coa- 
b«t batveaa the r-86 S^bra Jet aad the Ruaalea MIG-15.    Tha auzvay 
covered May aapacta of air warfare,  auch aa tba aearcblag, poaltlom- 
lag,  aad flrlag pbaaea. 

A co«p«rlaoa of flrepover of the 7-86 aad KIC-15 followa. 
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F'86 Mir. "»? 

Uiib.r SO 22 M 37 wm 

Nujbar of ^uaa 6 2 1 

Flriag rat« (rou»d/»ec) 105 27 7 

Tiv* of flrj («ec) 17 6 6 

Projectll« Might (lb) 0.093 0.44 1.64 

Muzzle velocity (f/s) 2780 2250 2250 

Th« ratio of kill parfomajic« for the F-86 Sabr« J«C Co that 
for  th« KIC-15 haa b«»« raportad (.t 13.7  to 1  during th«  perl&d 
JUM 1952 to July 1953.    Thla kill ratio ia sot r«praaa«taci/a of 
r«»tttlv8 aircraft affactlvaaeaa.  aisca «uch of ttw fightlag waa 
dona »car th« Talu Rivor.  raquiriaig a auch loagar iJ#rch phaa« for 
tbo r-86. 

Th« raportad altitudaa at which cosibat took place (a»d tbeaa 
■uat be approxliMtloaa duo to rapid chaage la altitud« under cow- 
but coadltiuai) wer« a«  follow«: 

Total 
Firlag Altitud« Kag&geaMata 

(ft) (X) 

40,000 to 50,000 51 
30.COO to 40.000 20 
20.000 to 30,000 4 
10,000 to 20,000 11 

0 to 10,000 14 

2«ied o« conbat fil»a, opening raaget for all paeana averagad 
2900 feet, and pansea la which hita were obaervad on flla «veraged 
approximately 1800 feat.    Moat of  th« attack.« laatad froa three to 
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••iv«* wlai'tat, with a rapid fall-off la the frequaicy of attack» of 

lor gar thaa fca». wlautaa. It abould ba aot«d that 71 par caat of tba 

total «a^agareata «fare abova 30,00 fe«£. la gaaaral, tha attacka 

wara at aa aagla-off of laaa thaa 1C* with bank aaglea of -30* to 

+30*. 

Tha typ«» of pheaomen« ioaoclatad with kllla o» thf KIC-15, ac- 

cordlag to aaalyals of combat film, wara claaaiflad aa follow«: 

Snoka puff 
Sarlaa of naoka puffa 
riaaa 
Exploaloa 
Suitat»ad ««oka 
Dabria 

Trrm combat flla of on«-hit attack« (attack« la which a hit 
reglatar« oa film aa a «lagle bright flaih dua,  according to tba 
lattlluta for Air Vaapoa« Reaaarch, to tha laceadlary or «xploalv« 
conteaC of tho round) approxlmataly on«-half avldeacad «oaa burning 
phanon«»«.    7hl« dos« not, however, «xclud« th« poailblllty that 
oth«r rouaü« n*y h«va hit tha target aircraft that did not r«gl«t«r 
on tbe flln due to round type (a pure anaor-plarclafc roua-1 will not 
reglater on fll«) or peculiar placcaent of tbe hit within the air- 
plane itaelf. 

Of «Ignlflcance, however,  1« th« «foreaaatlonfld fact  that  for 
the oaa-hlt kill*,  fire phatoieana wa« ai«ocl«ted with the kill  la 
oa«-htlf th« caie«.    Frou. tticie d«t« «nJ fron th« altitude data 
preieated earlier,   It  1« certain that fire« ware a**ocl«ted with 
kills «t coipbAC altitude« of over 30 X}0 feet.    In two  Inatancea 
Supplementary Cottbat  lafürrutioa Report« coapleted by pilot«  after 
«rgaglng  the enemy,   togeth«r with corroborative  film data,   Indi- 
cated  th«t  «uitalaed i'lr« phcnomen« and explosion had  t«Ven place 
at altitude« a« high as 41,000 «ad 42,000 feet 1» aerl«! conbat 
In the Rorean coAfilct.     (Specifically,  one Ü.  S.  Air Force pilot 
stated  In the  SCIR  that  hi« otflCl»J   kill of  a HIC  took place  at 
aoprnxluately A2,C'O0  feet.    The evidexce of  thla  fire pheanrnenon 
wa« recorded on fll« iecord of thla p«rticular coibat «rpi?rience, 
ja fc»s  the  sustained  fire kill of  a HIC at a reported altitude of 
*l ,000 feet by ««other ÜSAF pilot.)    The caliber   .50 asnunltioai 
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b«ltlBg for tha M3 ^** !■ both inctance« waa typical, vlt., A5 ptr 
ceat MB API, 26 par caat Ml laccadlary, 19 per cent M21 tracar, and 
10 par ceat M20 XPIT. 

It la to ba »otad that auch corroboratlva avldaaca waa axtr«»aly 
rara la tha aaalyala of Koraaa conbat atatlatics aa coaductad by tha 
Initltuti of Air Uaapoaa Kaaaarch.    Uowcvtr, of algaifIcaaca la «atl- 
«atla« tha highaat altltuda at which KIG kill« vare racordad la  tha 
graphic raprestntatloa of the avaraga r-86 air-to-air conbat Klatloa 
(Flgura 7)  aa <Iat.ecsia«d  la tha a»alytla of conbat  flight data cil- 
lectad oa varloua Jat fighter aircraft during the Koreas op«i.«tl>a«. 
Till»  Informatloa la  ia:lucled la Wright Air Dsvelopmeat Ceater Report 
TK-5^-12,  "Haeeuver Load Data fion Jet-Fighter C'jtiat Operationt." 
(U) tUy IS55, by Krank P. Cray.    Tha Mjor portloa of the data for 
tble report rfaa recorded by the U. S. Air force flight aaalyxer, aa 
laatruM.tt capable of recordlag mor-aal acceleratloa,  air «peed,  praa- 
aura altitude,  aad tin* acale. 

t: 

Of lateraat  la the acrlea of photographic fraaee (Figure 8) 
• elected fro« the coaliat gua camera fll« recordi,  correapomdlag Co 
the flight aenlyxer record ihown In Figure 9.    Theae fraae« fro« 
the gun canera flla «how the deatructloa of a MIC-15 accredited to 
F-66F No.  52-4377 oa 27 March 1953.    Altitude« at tlse of flrlag 
bt.rat«  la thia particular cagageDeat vr.ra approxlnately 40,000, 
32,000, aad 22,tX>ü feet with the ctroag po««ibillry of «u*t«iaed 
fire fron tha laltial burat at 40.000 feet. 

Suoaury 

Aerial cocbat  data obteiaed fron the Korea* conflict conflm 
result« froa World War II  «tatiatlr«,  polntia^ to  the vulaarablllty 
of  aircraft  to  iaceHdiary amaialclon at high altitude. 

Cw.'clMslve  «tateawata relative  to  the «pacific  type of amenaal- 
tioa effective  la prcd<icl»2 aa official  kill of a KIG aircraft are 
Indeed  lwpo««ible  froia flln d*:t ivallable.     Kovever,   the fact that 
81 per cent of  the caliber  .50 ftcravnition uaed In the Koreas con- 
flict war of  incendiary type  Indicate«  that a najorlty of the kill« 
with covrobatlve  flln evidence of fire phenoiaexa waa due  to  Incen- 
diary *,'-.-,nltica.    A hit due to ■ round which contain« no Incendiary 
or expletive filler,   «uch aa a pure amor-piercing round,  did not 
regiater on film. 
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Indication« are that MIß Villa, «nth evidence acco*p«»ylmj| of 
fire phcnorea«, were acconpllthed la the altitude range of 30,000 

to 40,000 feet; however, there are at leait two inataacca of kill« 

at altitude« of 41,000 and 42.000 feet, reapectively, recorded oe 
cooJjat fllii «ad corroborated by the SCIÄ« of the two pilots. 

C0HCUJ310NS 

—>■?■ -.^u- 

B-17 «ad f6F droae firing tcet« «how that It 1« po««lblc to 
«u«Uln « d««cructlve fuel fire with caliber  .50 M23 iaceadlary «•- 
maltioa «t aa altitude of 34,500 feet under ■ultiple-«hot coadi- 
tloaa.     Sub.iequeat aerial  tr«p*«a  target  firing teat« at Eglin Air 
Force Baae «hew abaence of «uataiaed fire at 24,980 feet with 
identical asuuaition.    The difference« in ignition «^pear to be a 
function Oi. target coafIgurattoa and air «peed rether than amauni- 
tlon type. 

The B-17 and 76? droae firing t««t« sees far aaore realistic 
than the trapesa te«ta aad repre«eat true covbat condition« Co a 
far greater degree. 

A&alysi« of Eglln Air Force Base reeulta «how« that lnc»a- 
diary asanunltloa containing zircoaiun h*a a coa^patent altitude 
ignition advaatags over Incendiary aaauaition without sirconi-m. 

In aplte of  the suay variable« inherent in the «Inulated fir- 
ing test« end the uaccicalnty of definite altitvie  information in 
Kcrean Conflict aerial cooibat racorda,  «uatalned  '    s«,  although 
iL^lted la nuafcer, have been produced at approxim4L«iy 42,000 feet. 

It  1« concluded that the Majority of kill« with film evidence 
of fire phenuateaa wa« due to inc*«dl«ry type sssuaitioa. 
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rUTTIU WORX 

lit futur« MrUi flrlsg ttata «t Cglla iir fore« IM.»*,  tb« fol- 
lowlmg L/p*» of 1 icamdUr/ ««nimiclom »bould b« tiett«4 la co«ju»ctlo« 
with th« MW futl ctll t«rgo«. (Fljtjr« 5): 

1. 20 a» (IIK1) M56 round wltb iltvoalua 1m ta« he«l of th« 
projactll«. 

2. 20 «a SID («tructur»! a»d t«e «diary daaag«) «xparlasatal r- 
3. Calibar .SO round co»tal«l*g l«c«»dl*ry coapoaltlom aad 

liquid balogam fluorld«. 

U.     20 WB rouad coatalmlag liquid balogaa fluorld«. u_* 

1CCÜMÄHDAIIOB 

la view of the evident  »uperlorlty of laceadlary aamaltloa 
contalalng slrcoalm,  a «ore wldeapraad uaa of clrcoalua 1« ataadard 
laceadlary conpoaltloaa la recoaMmd^d,  auch aa the poaalbl« la- 
corporatloa of thla typ« conpoaltloa la «ay Multipurpose rouad da- 
velopneat. 
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1   - CooBaadlag C«a«ral 
Plcatlny Araeul 
Dover, M*w Jar«ay 
Atta:    Tach Croup 

1  - Conjaadlag Offlcar 
Rock Island Araeaal 
Rock '«Uad,  Illiaol« 
Atta:    Laboratory 

SECRET 

Dlatrlbutloa 

1  - CoMwadlag Offlcar 
I.aka City Araaaal 
Iad«p«ad««ca, Mo. 
Atta:    K. lllaa 

1  - Chlaf 
Suraau of Ordaaaca 
Daparraeat of tha lavy 
Waahlagtoa 25, D. C. 
Atta:    Dr. J. P. Hlataraoyar 

Re2A 

1  - Coa» . diag Geaaral 
Ab«ir<.  aa Provlag Grouad 
Maryland 
Atta:    Sail Rat Lab 

H. Smith 
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m i 

Atta: C & PS 
H.   Nobli 

1  - Coouaadlag Offlcar 
Wctartcn Araeaal 
ystartowa 72, Maia. 
Atta:    Tech Group 

1   - Coonandlag General 
Ordaancc Aowinltlca Co« 
Jollet,  XUlaola 
Atta:     Col E, Horchlag 

1   - CoiBwader 
Air Force Armu&ett Canter 

K2lla Air Force Baaa 
Florida 

Atta: G. Guatafaoa 

1 - Atta: Tach lafo Br, bldg 313 

5 - Armed Sorrlcet Techalcal 

laformatloa Ageacy 
Docvjraiat Service Caater 
Kaott Bulldlag 

«d      Daytoa 2, Ohio 

Atta: TICSCP-2 
(Code 2) 

I - CoGT^iadl«; Of Her 
P)*«o«d Ordaaaca Fuze Laboratarle 

Washlagtoa 25, D. C. 
Atta: Tech Re/ Sectloa 
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